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.USTOHTIOH IS X~EANP DGT^CTOHS 

Introduction 

There are  several instances whan It la desired to know the fidelity of th« 
output of an X-band mixer oparatad at high signal level,    one example la aa aut- 
omata frequency control  (a f e ) d-algn.    In thia caaa both signal power and 
local oaolllator powar ara In the m.lliwatt region,  and It 1* Imperative to eval- 
uata the distortion In tba beat frer-ianey currants that will giro rise to ale 
leading a f.o    Information     There in reason,  at explained later,  to bailer« 
thla distortion la minimised In a balanced nlxer,  so measurements were made with 
an X-band balanced mixer orer a wide rang* of crystal operating powar. 

HMfctl 9f lM—M>i 

There ara a number of nathods ol  taking the aceseary data.    The obvious 
aethod would be to sat up a alxer with variable attenuators on both the trios- 
altter and the local oscillator (L.C. J lr.puts.    These attenuators could be 
varied as the i-f output voltage Is measured for the fundamental,  second and 
higher harmonics of the beat product of the 1.0. and transmitter.    The arrange- 
men» la Inconvenient for a number of reasons, 

first, the hl^-h power level of the pulsed transmitter requires care In at' 
tenuator calibrations, and the absence of any leakage around the attenuators. 
And second, the pulsed r-f signal, detected In tha crystal has video side-bands 
which must be taken Into account In any measurement of actual mixer power.    It 
might seem that this Is tha operating condition In a radar eat anyway,  so thlt 
video powar at tha i-f added to the actual 1-f will give a more realistic 
reading     This is not tha oase,  or not practical  to do,  at least,  for the spec- 
trum of thla vldao signal will vary violently with transmitter pulse shape and 
hence this factor will be a function of the receiver 1-f and the transmitter 
pulse shape.    And third. In measuring harmonic content which Is very small 
compared to the fundamental cars oust be taken to correct for the skirt side 
bands of tha fundamental,    for these reasons It was decided to make the meas- 
urements in another way. 

Two O.V.i  r-f carriers were fed Into the mixer, through variable attenuator« 
and the value of the o.w.  fundamental and harmonic output was measured.    This 
method allowed the signal power to be measured directly with a thermistor bridge 
It also avoided the naed to separate the 1-f and the vldao puZse hash In the 
measurements.    The apparatus was extremely simple. 

figure 1 shows a schematic of the apparatus.    The balanced mixer fed a 
single 1-f stage of variable gain.    This stage, a single tuned circuit, drove 
a grid leak detector and tha output was measured with a bridge meter on the 
detector tube plate.    Changing the gain varied the bandwidth of the i-f ampli- 
fier, but this caused no harm since this stags was fed with a 10 mo/s wide 
double tuned circuit which greatly reduced the 1-f off. tune,  or skirt,  response 
Also the lowest gain and consequently the broadest bandwidth was used with the 
the largest Input signal;  and the smaller signals were measured with a Hauler 
bandwidth and higher gains.    Consequently negligible extraneous skirt power 
from the fundamental was measured.    The over-all gain was measured with a OR0O4 
signal generator at 30 me/e to be 31 db with lowest gain,  and the actual 1-f 
crystal output was measured at nigh level with a CY58 diode detector and the 
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ovsraij  amplifleation  -.»ckcd '..-.   <l<: ■ 

One signal source was an Jfc-*s,-.d ;-lystron,  the 419B.    Tha other was a 2*23 
oscillator stabilised In tha alcrow.v/c discriminator circuit    (R.l   Ho   662 
MlcrawnT« FreqnenaT Mscrlaln^tflr)    Tha   US-B 1* very  Stable In frequency,   tut 
It la difficult to tune ant «till keep the power output conatant-    So It was 
kept fixed at 9000 an/a     Tha 2X26 vat tuned with the dlsarlmlnator cavity whloh 
control! the reflector voltage and the power kept ccjclnlzed by adjusting the 
rhunbatron cavity at the tube wot tuned.    By reading the frequency to which the 
cavity wn« tuned at eneh measurement the order of any harmonic waa easily cal- 
culated 

Aa * check and reference to «vnluat.» the Improvement In fidelity gained 
with a balanced converter tone measurement« were made with n «ingle ended Input. 
Ore mixer eryetal wae grounded and the receiver lead for that crystal waa terrain- 
ated In a 400 ohm realeter to maintain Vie loading on the receiver Input     The 
curve« of data taken fro« the»« readings are included In thlt report a« a com 
prrattve aheck. 

PlycmHan at BtmUta- 

This data le best taken a« purely empirical; however, an over simplified 
theory does give sone insight into th» ciechanlsa of the behavior of the distor- 
tion 

A simple method of solution of this problem was suggested by H   0   Torrey 
of Radiation laboratory-    It ens be shown that the short circuit current of a 
crystal can bn represented by the equations: 

l,e-A(.^:.> 

In this equation A is a scaling factcr la asparea, V is. the voltage across the 
eiystal barrier la/er in volt« sxd a 1« about 10 vnlta' .    In this approximation 
V can be ta>cen as the input elgnrl voltaae, although this is not strlotly true 
sines actually 

V- V .    - i    s 
•Iff     . «a 

where K is the spreading resistance in series with the barrier layer     Xvea «o, 
the equation doe« not hold above l^IO allllasrpere,  for no account 1« taken of 
saturation phenomena in the crystal. 

With these restriction* It can be sh<vn (Appendix 1) with a voltage input 
of tie form 

V ■ 7. cos <L. t ♦ 7„ cos (<*, ♦ e) t 

that the coefficients of various harnsonlos of 6 are 

1M - [2IJ (aVx) Ix (aV^coa fit 

♦ 2I2 (aVx)  Ia  (aV^) co« 2Bt 

♦ 31    (aV,) I    (aT.) co« nßt n       x      n 
C ♦ term« in m     n(w   + B), n(e»   ♦ BJ t ♦ ■(■ t)) A 

n y m for lower «l£n 
.•So  j 
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to deal with up to 10 db nor« second harmonic In '.ha ord'.narj ante, howavar, 
ona nay exppct to diminish the second harmonic eontant In going frjn a single 
to a double andad mixer by about 10 db 

The third harmonic content shown In figure 9 compare» favorably with that 
of the single ended mixer In figure 5. 

It la Interesting to note that In the course of the measurements on the 
double-andad mixer no 4th harmonics were observed, but Sth harmonica ware 

Since the cryital output la limited by saturation In the crystal, one would 
expaot 3 db more output at high level from the double ended mixer  This Is the 
caae as figures 10 and 11 show,  ?lgare 10 shows the output voltage of a single 
andad mixer working Into a given load, and figure 11 ahowa the output of a double 
andad mixer working Into the same load  Absolute calibration la difficult to do 
with this type of apparatus, so not too much confidence ahouM be given to these 
ourvea. They are reproducible from crystal to crystal, but their magnitude la 
probably correct to only * 1 5 db. 

Aa a comparison of alngle and double ended mlxara figure 12 has been plotted 
Trie shows 2nd and 3rd harmonica for the case of 1 ran. 10, Input with variable 
algnal Input 

The compoelt« graphs In this report, figures 9 and 11 are sonpoeed of data 
from three seta of crystals  Figures 4, S and 10 , curves showing alngle ended 
operation, data are constructed f'om data taken on one crystal with random point 
checks with other crystals. 

Curves 4 and 6 and 0 and 'J were used In figure 13. 

äandom sampling of colnts vai Also made as a rough check of the accuracy of 
the general trend. 

Considering the gain and Impedance tolerance« allowed In tne lN.-i3E by JAN 
specifications the point scatter 1« well within reason. Only figure 12 has 
bean printed with the actual data showlog lr. order to give an idea of thla 
»nattering. All other curve» are smoothed curvee- Thla has been dona since the 
Importance of thla work la to ascertain tendnnclearather fum Individual crystal 
characteristics 

äiuinfirv 

With a single ended mixer on* may expect the aecond harmonic of the Input 
frequency In the crystrl to be about 20 db below the fundamental and tha third 
harmonic to ba about 30 db below the fundamental. 

With a double ended mixer one may expect 3 db moss signal than with a alngle 
ended mixer     The second harmonic In thla caae will generally bo below tha third 
harmonic      So the "noise" level of nn n-f.c    circuit la eat by the third har- 
monic and is 30 db below tha fundamental. 

)'   V.   P.  Strandberg 
August IS,  1940 
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The writer is Indebted to H   0   Torre? And R   H. Dicke for suggestion« and 
dleeueelon In thle er-isltlon 

One nny MIWW a crystal law of the following for». 

o.V 
«•- A (e I] 

where T It the barrier layer voltage, and a and A are conetante. Neglecting rhr. 
spreading resistance through which thli current flow« thli equation then beoonet: 

a-i 
ec A (^ l cot Mj^oJgCo» (uij ♦ B) tj) 

with two sinusoidal Input voltage« of frequency difference B,  The «erle« fin for 
the«» exponential« nay be found by expanding In a Courier «erle«, and the «erijt 
turn out to be. 

l.c " A fc'o (aV * 2 J! *n <«V °" » 1 « [I0 (aV2) ♦ 2 £lB 

(aO co« m («^ ♦ p) t] -1? 

(5    A    ScAel'cunoff,   ^ectro-mngnetlc Waves,  p.   S3) 

It can be seen that thle reduce« to the forr 

1      ■ A •e fsi.,   (oTj)  IjfoVg) cosPt ♦    . 2In (aVj)  In (aVg) co« n 9t 

♦ constant ♦ tern« In nui,t,  m (<yP)t. . t ♦ n (M, ♦ P »3 
Appendix II 

! 

In the ca*e of a balanced converter one of the Input voltage« ha« a 180* 
pha«e shift at one crystal Thu« the short circuit current« In ench d«tec to: 
are A* follow«: 

l.ci - Ka aVi ü0""i tsaV8 co. (^ ♦ ß)t ml) 

' 

1
BC3 " A^~ oVl cotuH l,aVi eo*  ("x * fl)* .x^ 

The expansion of this last equation la then given a«: 

♦ V. £   (.1)" I ^oS " A{ £*o (aV * 2 »1  (-1)" Xn (aV oo^D] 

II    («* i) ♦ 3 ~,   I - Si x« (aV co" S ♦ B)t(-1>£ 

In thl« teat apparatus one crystal la operated to give positive output and the 
other a negative output The two current« «re then added algebraically 1c the 
output  To signify a negative detecting crystal the sign of 1 g is changed 
so tbe SUM Is: 

> r,  ! 



lm input "id • ( iM2) 

•«opt circuit innut " A^2 ^s  I    r«v>- V input 1   ml in (a^J cotn^t ^ i  (aTj 

" - -...»**« 2. r1 ■v co^*fl,t+■—«■« I—. «-.? 

X3 <aV co.36t ♦ ... 4 I        („,,,        , 

• 

•r.' 6 





956 



SS «2 = 2. 
t          T H T --. r r i -J |-r  j _ 

/                                       (   /    l 

1     /{        i                           i / 
j ■     /'•  »                / 

/ i                          !/ • 
i /   i      t             !      /     i . l    _>, 

I /    1                        f      /       ! • 
1        !        1/ .   1        1        f        ]      /l        il      i 

{      •        '.                       /'         I 

/                                   l / l        1 
»  \    l h       y       ■  y' -T- ■ f   1   1 

—r~j \ N= / 

t—\-—ES  ; 1 J  =—»T=! 

f        / 
K 
bJ         ~i 
X 

1 
o 
UJ 
o        —. 
z 

.           1            ! / 
!       /      i        i •   y   : 

: ■ / 

1/ i A  1_ 
i        Lr       ' { 

Ä        ' i 
/                        /. 

/      i 
r .*   \-/-\               J\                  1 UJ ,. 

1 : 
(9 
Z - 

'-> 5 -i 
o  S   . 
p £ ■ - UJ    < 

- »X    X -< 

- UJ    "O  ~* 

lO 

'       1 
i 1         l-i         !         1 

A t^r 1    "    "   ■    - "■ ^^\ 1       1                  - 
JZ 

:              i              :             :              • 

i _> ̂    \                            i - ,- L-^ ■                                 i          i          i                     ! 
.   1       !       !    ■   1     -- -.   ■■}■>■     ■-- 

t        |      ; ;--_   .-!        !        j       ~{        ! 

: ■—  - ■ j--. ~ .,        .... , -.._   ' .."     • 
UJ ., 

f=f= f=f=  7 | - 

ü 
% 1  

I 
I 

956 



956 



956 



i 

956 





i 
£ 
-l 

1 

956 



UJ 

I 

956 



1.2        2.4     3 MA 

INPUT 

SIGNAL 
POWER 

IMW 

lOOjUW 

lOjJW' 

FIGURE    io    EXPERIMENTAL:   FUNDAMENTAL 

SINGLE    ENDED   MIXER 
:T" 

.4 .5 .6 

VOLTS    PEAK . 

956 



10 M» 

INPUT 
SIGNAL 

lOjUW 

lOOpw 

ftAK   VOLTS 

956 



I 

I 

956 





CADO CONTROL NO: US  CLASSIFICATION: 

TTnglasa,,  

ATI   NO: OA   NO: 

R-936 

-Djstgrtjnn in ff Panri Pstecfcogg 

THORlSI: 
j^/f/'/- U^csJL. 

7    AUTHORISE: 
7 

iteandbec&j—llo^loE* 
ORIGINATING   AGENCY: 

assac'nusetts Insfrltntft of TechnoXog^L 
fORElGN  TITLES: 

PUBLISHED  BY: PUBLISHING   NO: 

TRANSLATED   BY: TRANSLATION   NO: 

PREVIOUSLY  CATALOGED   A$: 



TITLE: Distortion In X-Band Detectors c 
AUTHOR(S|: Strandberg, M. W. P. S/,   l4,   6., 
ORIGINATING AGENCY: Massachusetts Inst. oi Technology, Cambridge, Mass. 
PUBLISHED BY: Office of Scientific Research and Development, NDRC, Div 14 

hi( ftglj 
CT0- 25023 

(None) 
oao. AGGtCr KO. 
 R-956 
PuaUSIOMO AOOKY MX 

DUMB 
Dec '45 

DOC. CUSS. 
Unclass. 

COUNTST 
U.S. E"g- 

OilBTSATIOM 

Diagr. graphs 
ABSTRACT: 

Measurements of distortion in balanced and unbalanced X-band mixers indicate that the 
balanced mixer reduces second harmonic distortion by at least 10 db.  Third harmonic 
distortion is not reduced.  An approximate theory of balanced mixer conversion is 
described.  With a single ended mixer one may expect the second harmonic of the input 
frequency in the crystal to be about 20 db below the fundamental and the third harmonic 
to be about 30 db below the fundamental.  With a double-ended mixer one may expect 
3 db more signal than with a single-ended mixer.  The second harmonic will generally 
be below the third harmonic.  So the "noise" level of an aj.c. circuit is set by the third 
harmonic and Is 30 db below the fundamental. 

DISTRIBUTION: Copies of this report obtainable from Air Documents Division; Attn:   MCIDXD 
DIVISION: Electronics (3) 
SECTION: Components (10) 

ATI SHEET NO.: R-3-10-111 

SUBJECT HEADINGS:  X-band detectors (99413) 

Air Documunts Drvition,  lntolligor.cn Department 
Air Matariot Command 

AIQ TECHNICAL INDEX Wriaht-Pattorwn Air Forco BOM 
Dayton, Ohio 




